uring two summer seasons of 2015 and 2016, the influence of antioxidants application and potassium levels on productivity of sunflower was estimated under sandy soil conditions. Antioxidants (nil antioxidants; tap water only; vitamin E, 50 ppm; vitamin C, 100 ppm; citric acid, 500 ppm and vitamin E + vitamin C + citric acid at the same levels used individually for each). Potassium levels included 0, 24, 36 and 48 kg K 2 O/feddan (0.42 hectar). Results showed that both antioxidants application and potassium levels treatments had remarkable effects on plant height, head diameter, number of seeds/head, 1000 seed weight, seed and oil yields as well as percentages of harvest index, shelling, seed protein and seed oil in both seasons. Maximum values of such tested traits were commonly recorded with using vitamin E + vitamin C + citric acid. Increasing potassium level from 0 to 48 kg K 2 O/feddan caused significant increases in all traits of sunflower plants and the highest values were obtained at 48 kg K 2 O/feddan in both seasons. All studied traits were significantly affected by the interaction between antioxidants application and potassium levels, except harvest index and seed protein percentage.
D
Sunflower seeds contain 24-49% of oil and the husks contain 25-35% of protein, which is mostly feed to livestock because of its high biological value. Furthermore, sunflower seeds are eaten as salted whole seeds as roasted nut meats. Moreover, oil is characterized by its high content of unsaturated fatty acids; such as oleic and linoleic, which represent 90% of total fatty acids (Saleh et al., 2004) . High temperature leads to the production of ROS; such as H 2 O 2 , hydroxyl ions, singlet oxygen etc. (Foyer et al., 2009) . So, improving heat tolerance of plant is a viable approach to resolve this problem induced by global warming. It is necessary to find out the responses of plants to heat stress and their fundamental physiological mechanisms, as it can provide insights into how plants may be modified to develop into more tolerant (Wang et al., 2010) . Antioxidants intercept free radicals and protect cells from the oxidative damage that leads to aging and disease (Karadeniz et al., 2005) . Antioxidants as active oxygen scavengers could be beneficial in the protection of the structure and function of the photosystems against excess light (Rajagopal et al., 2005) .
Antioxidants play role in the reduction or prevention of enzymatic browning by inhibiting polyphenol oxidase (Maurice et al., 2000) . These compounds have beneficial effects on catching ROS that are likely formed during photosynthesis and respiration processes. Leaving these free radicals without chelating or catching lead to lipids oxidation, loss of plasma membrane permeability and cause death of cell. Antioxidants, i.e. vitamins A, C and E, carotenoids, phenols, glutathione and citric acid due to their molecules that may act as cofactors for some specific enzymes, i.e., dismutase's, catalases, peroxidases, those catalyzed breakdown of the toxic H 2 O 2 , OH, O -2 radicals (Aono et al., 1993) . Previously, competent researchers emphasized the beneficial effects of antioxidants on growth characters, leaf chemical composition, yield and yield components of different horticultural crops (Gad El-Hak et al., 2002; Abd El-Hakim, 2006; Ali et al., 2006; Ibrahim, 2010 and Abdou et al., 2011) . Also, Al-Qubaie (2012) and Osman et al. (2014) stated that foliar application of antioxidants alleviated harmful effect of free radicals as well as promoted and increased yield and yield attributes of sunflower plants.
Potassium plays a particular role in stress physiology, as it contributes mostly to the tolerance of plants to various environmental stresses (Cakmak, 2005 and Jan and Hadi, 2015) . Also, K increases water uptake and transport in plants and controls osmotic pressure that is vital particularly under heat stress conditions (Marchand, 2007) . Sunflower is very demanding in K, exceeding crops such as corn and soybeans (Uchoa et al., 2011) . Potassium is the element that mostly influences the growth and production of sunflower (Prado and Leal, 2006) . The increase in agricultural productivity, resulting from the addition of K fertilizers to the soil, mainly varies with the amount of available K and soil fertility (Feitosa et al., 2013) . However, the semiarid region is characterized by low natural soil fertility (Menezes and Oliveira, 2008) . Thus, the use of supplementary K fertilizer is indispensable for obtaining good crop yields. Therefore, the present investigation aimed to study the response of sunflower plants yield and its components to foliar application of antioxidants as well as determining the optimum potassium fertilizers rates for improving the productivity under sandy soil conditions.
MATERIALS AND METHODS

Site Description
In sandy soil condition, two field experiments were carried out at Baloza Station of the Desert Research Center, North Sinai Governorate during two consecutive seasons of 2015 and 2016. Physical and chemical soil properties of the studied site were measured according to Klute (1986) , and recorded in table (1). Also, chemical analysis of irrigation water was assessed using the standard method of Page et al. (1982) and presented in table (2). 
Experimental Treatments and Procedures
The study aimed to investigate the sunflower cultivar Giza 102 response to five treatments of antioxidants foliar application [vitamin E (α tocopherol) at 50 ppm, vitamin C (ascorbic acid) at 100 ppm, citric acid at 500 ppm, vitamin E + vitamin C + citric acid in addition to tap water as a control treatment] as well as four levels of K fertilizer levels [0, 24, 36 and 48 kg K 2 O/feddan (0.42 hectar)]. The antioxidants treatments were sprayed four times at 30, 40, 50 and 60 days after sowing (DAS) using a knapsack sprayer with one nozzle and the carrier was 300 L water/feddan. Moreover, plots received K fertilizer were treated at 50 days from sowing. Each treatment was replicated three times on split plot design, where the main plots were occupied with antioxidants treatments and the sub plots were allotted with K fertilizer levels.
Prior planting and during land preparation, organic manure at a rate of 15 m³/feddan and calcium super-phosphate 15.5% P 2 O 5 at a rate of 150 kg/feddan were applied. Sunflower was planted on the 1st of May in both growing seasons in hills 25 cm apart on ridges 60 cm width and 3.5 meter length at 21 DAS, plants were thinned to secure one plant per hill, then fertilized with nitrogen fertilizer in the form of ammonium sulphate; 20.5% N at a rate of 100 kg N/feddan, the experimental plot area was 3.5 m x 3 m (10.5 m 2 ). The preceding crop was faba bean and all agricultural practices for sunflower were followed according to the recommendation of Egyptian Ministry of Agriculture throughout the two experimental seasons.
Assessments
At heading, heads of ten plants were chosen at random from external ridges of each plot and bagged at early seed development to avoid bird's damage until maturity. Sunflower plants were hand-harvested at the stage of physiological maturation, when the back of the head has turned from green to yellow and the bracts are turning brown. At harvest (115 and 121 DAS in 1 st and 2 nd seasons, respectively), a sample of ten guarded plants were taken randomly from each plot to measure plant height, head diameter, number of seeds per head and 1000-seed weight. Moreover, all plants of the experimental unit were collected to evaluate biological and seed yields. Additionally, harvest index and shelling percentage as described by Beadle (1987) was computed. According to A.O.A.C. (1995) , seed protein percentage (multiplying N in seed by 6.25) and oil percentage (using Soxhlet apparatus and petroleum ether was a solvent). Also, oil yield was computed by multiplying oil % in the seeds by seed yield.
Statistical Analysis
All the obtained data from each season were subjected to the proper statistical analysis of variance according to Mead et al. (1993) and L.S.D at 5% level of significance was used for the comparison between means.
RESULTS AND DISCUSSION
The findings in tables (3 and 4) can be illustrated and interpreted under the three main headings as follows:
Antioxidants
Application of antioxidant treatments significantly affected all studied sunflower traits in 2015 and 2016 seasons (Tables 3 and 4) . Sunflower plants treated with each of antioxidant as individual application, via citric acid, vitamin E and vitamin C or in combination via citric acid + vitamin E + vitamin C surpassed the untreated ones in producing the maximum values of plant height, head diameter, seeds number/head, 1000-seed weight and seed yield (Table 3) . Among the applied antioxidants, spraying of the combination of (citric acid + vitamin E + vitamin C) was the potent pattern for enhancing such traits. Foliar application of vitamin E alone came in descending order, followed by citric acid and eventually vitamin C in this respect. Moreover, the differences between citric acid + vitamin E + vitamin C and vitamin E alone did not reach the 5% level of significance for plant height (in 2016) as well as 1000-seed weight (in both seasons). As averages of the two seasons, the increments in plant height, head diameter, seeds number/head, 1000-seed weight and seed yield due to supplying sunflower plants by citric acid + vitamin E + vitamin C treatment amounted to 19.4, 59.1, 48.5, 34.5 and 30.8%, respectively, relative to the control.
On the other hand, the tested traits via harvest index %, shelling %, protein %, oil % and oil yield were also markedly influenced by application of antioxidants in 2015 and 2016 seasons (Table 4) . In this connection, citric acid + vitamin E + vitamin C treatment along with vitamin E treatment achieved the highest values of harvest index %, shelling %, oil % and oil yield. While, protein % showed the maximum equaled value with each of citric acid + vitamin E + vitamin C treatment and vitamin C one. It could be explained that foliar application of antioxidants alleviate the harmful effect of biotic and abiotic stresses on many metabolic and physiological processes of plant; such as cell division, synthesis of enzymes, photosynthetic pigments, chlorophyll content, membrane system in cell, photosynthesis, photoprotection that reflected in increasing yield and quality of treated Being vitamin C participates in a variety of processes, including photosynthesis, cell wall growth and cell expansion, resistance to environmental stresses and synthesis of ethylene, gibberellins, anthocyanin and hydroxyl Proline (Galal et al., 2000 and Smirnoff and Wheeler, 2000) , it enhances yield and its components. 
Potassium
Regarding the effect of K fertilizer levels on sunflower yield and its attributes, results in tables (3 and 4) reveal that increasing K rates from 0 to 48 kg K2O/feddan caused significant increases in plant height, head diameter, seeds number/head, 1000-seed weight, seed yield, harvest index %, shelling %, seed protein %, oil % and oil yield of sunflower plants in both seasons. Thus, adding 48 kg K2O/feddan was the efficient treatment in this respect being recorded the highest values surpassing both of 36 and 24 kg K2O/feddan treatments for all studied traits. Moreover, without potassium fertilizer (control) was the inferior treatment in this concern in both seasons. .25% for oil yield/fed in comparison to the control treatment (without potassium fertilizers) in 2015 and 2016 , respectively. These findings might be attributed to one or more of the following K functions; (1) Potassium regulates enzyme activates and translocation from leaves to the roots and also to the storage organs like seeds. (2) Potassium controls both transpiration and respiration and regulates the opening and closing of stomata. (3) Potassium application increases, CO2 assimilation and photosynthesis, important role of potassium in material transfer, leaf made assimilates transfer to productive organs and caused better seed filling and weight. (4) Potassium has important role in water use efficiency and improves plant growth condition, cell division and makes of hydrocarbon, protein and quick transportation toward grains. (5) Potassium is necessary for regulation of different physco-chemical processes in plants including water utilization by the plant. (6) Potassium affects cell metabolism and regulates cell osmosis and increases absorption of water and photosynthesis finally. (7) Potassium application contributes plants to approach longer root length as well through the condition of drought stress. The positive response of sunflower productivity to potassium application was described by several investigators (Ahmad et al., 2011; Chajjro et al., 2013; Ahmad et al., 2014; Hakan and Zengin, 2014; Jan and Hadi, 2015; Guilherme et al., 2016 and Sabrina et al., 2016) .
Antioxidants x Potassium
Remarkable influence of the interaction between antioxidants foliar application and K fertilizer levels on all studied traits were obtained, except for harvest index % and seed protein % as shown in tables (3 and 4). Herein, the interaction between spraying sunflower plants by combination of three antioxidants together, citric acid + vitamin E + vitamin C, and adding a high rate of potassium, 48 kg K2O/feddan practice gave the maximum values of plant height, head diameter, seeds number/head, 1000-seed weight, seed and oil yield, shelling and oil % in both seasons. Otherwise, the interaction between without antioxidants and nil potassium fertilizers treatment gave the minimal values in both seasons. Additionally, in plots fertilized with 48 kg K2O/feddan, citric acid + vitamin E + vitamin C treatment statistically equalled with vitamin E one for promoting shelling %, oil % and oil yield in both seasons.
CONCLUSION
According to the above mentioned results, it can be concluded that using a foliar application of citric acid + vitamin E + vitamin C, along with potassium fertilizer (48 kg K2O/feddan) attained high sunflower yield and components and oil yield under the conditions of the North Sinai Governorate. It is of interest to mention here that, the spraying at 50 ppm vitamin E as antioxidant and adding 48 kg K2O/feddan as K fertilizer is the best cardinal method to achieve the optimum and economical productivity of sunflower plants under sandy soil conditions. Consequently, enhancing environmental sustainability and minimizing land degradation in this region. Moreover, reducing the gap between the production and consumption, this exceeds 95% and providing the great demand of edible oils for facing the highly increasing human population in Egypt.
